Up-regulation of heme oxygenase-1 protects against cold injury-induced brain damage: a laboratory-based study.
Heme oxygenase-1 (HO-1), a kind of stress protein, is critical for the protection against ischemic stroke and cerebrovascular endothelium damage. However, the effects of HO-1 on trauma-induced brain injury are still unknown. Hence, we attempted to use a cold injury-induced brain trauma (CIBT) model in mice, which provides for a well-established approach for assessing brain edema and blood-brain barrier breakdown. Additionally, we explored cultured mouse brain endothelial cells (bEnd.3) to investigate the protective effects of HO-1. HO-1 was induced by infection with a recombinant adenovirus carrying the human HO-1 gene or an inducer of HO-1 activity, cobalt protoporphyrin IX (CoPP). The recombinant adenovirus (3.5 x 10(7) PFU/mouse, i.v.) or CoPP (10 mg/kg, i.v.) significantly increased HO-1 protein expression and HO-1 enzyme activity in the cerebral cortex of the mice. We found that overexpression of HO-1 protected against cold injury-induced secondary damage and behavioral impairment. Up-regulation of HO-1 decreased brain edema and neutrophil infiltration induced by cold injury. These HO-1-dependent protecting effects were abrogated by pretreatment with the HO-1 inhibitor, zinc protoporphyrin IX (ZnPP; 3 mg/kg, i.v.). HO-1 expression in the cerebral endothelium was observed by immunofluorescent staining. CoPP-induced (1 muM, 24 h) HO-1 protein expression was determined by western blotting in bEnd.3 cells. Enhanced HO-1 also protected against cold injury-induced cell loss and damage, which were respectively determined by GAPDH leakage into the cell medium and XTT assay in bEnd.3 cells. In summary, HO-1 overexpression appears to offer an effective neuroprotection against cold-induced secondary brain injury.